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PHASE  I  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam  Weare  Reservoir  Dam _ 

State  Located  _ New  Hampshire 

County  Located  _ Hillsborough _ 

City  or  Town  _ Weare _ 

Stream  _ Piscataquog  River 

Date  of  Inspection  June  22,  1978 


Brief  Assessment 


Weare  Reservoir  Dam  is  an  on-stream  concrete  grav¬ 
ity  dam  with  a  long  concrete  spillway  and  earth  abut¬ 
ments,  located  at  the  north  end  of  Weare  Reservoir  on 
the  Piscataquog  River  in  Weare,  New  Hampshire.  Overall 
length  is  340  feet  and  height  is  34  feet.  The  original 
dam  was  built  in  1913  and  was  reconstructed  after  being 
washed  out  in  a  1938  flood.  It  is  operated  for  recre¬ 
ation  and  conservation  by  the  State  of  New  Hampshire. 

The  dam  is  in  the  significant  hazard  classification. 

Overall  condition  of  Weare  Reservoir  Dam  is 
assessed  to  be  fair.  However,  it  is  recognized  that 
the  State  has  an  extensive  renovation  program  planned 
for  the  near  future,  which  if  successfully  carried 
through  will  result  in  the  upgrading  of  the  assessment. 

A  test  flood  equal  to  one-half  the  probable  maximum 
flood  would  overtop  the  dam  by  about  1.5  feet.  Spill¬ 
way  capacity  is  about  71%  of  the  test  flood.  Over¬ 
topping  potential  is  considered  moderate. 

It  is  recommended  that  the  State  carry  out  its 
planned  renovation  program,  with  a  few  additions, 
within  two  years. 


This  Phase  I  Inspection  Report  on  Weare  Reservoir  Dam 
has  been  reviewed  by  the  undersigned  Review  Board 
members.  In  our  opinion,  the  reported  findings, 
conclusions,  and  recommendations  are  consistent  with 
the  Recommended  Guidelines  for  Safety  Inspection 


PREFACE 


This  report  is  prepared  under  guidance  contained 
in  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dams,  for  Phase  I  Investigations.  Copies  of  these 
guidelines  may  be  obtained  from  the  Office  of  Chief  of 
Engineers,  Washington,  D.C.  20314.  The  purpose  of  a 
Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or 
property.  The  assessment  of  the  general  condition  of 
the  dam  is  based  upon  available  data  and  visual  inspec¬ 
tions.  Detailed  investigation,  and  analyses  involving 
topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the 
scope  of  a  Phase  I  Investigation;  however,  the  investi¬ 
gation  is  intended  to  identify  any  need  for  such  studies 

In  reviewing  this  report,  it  should  be  realized 
that  the  reported  condition  of  the  dam  is  based  on 
observations  of  field  conditions  at  the  time  of  inspec¬ 
tion  along  with  data  available  to  the  inspection  team. 

In  cases  where  the  reservoir  was  lowered  or  drained 
prior  to  inspection,  such  action,  while  improving  the 
stability  and  safety  of  the  dam,  removes  the  normal 
load  on  the  structure  and  may  obscure  certain  conditions 
which  might  otherwise  be  detectable  if  inspected  under 
the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a 
dam  depends  on  numerous  and  constantly  changing  internal 
and  external  conditions,  and  is  evolutionary  in  nature. 
It  would  be  incorrect  to  assume  that  the  present  con¬ 
dition  of  the  dam  will  continue  to  represent  the  con¬ 
dition  of  the  dam  at  some  point  in  the  future.  Only 
through  continued  care  and  inspection  can  there  be  any 
chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide 
detailed  hydrologic  and  hydraulic  analyses.  In  accord¬ 
ance  with  the  established  Guidelines,  the  Spillway  Test 
flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible 
storm  runoff),  or  fraction  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding 
that  a  spillway  will  not  pass  the  test  flood  should  not 
be  interpreted  as  necessarily  posing  a  highly  inadequate 
condition.  The  test  flood  provides  a  measure  of  rela¬ 
tive  spillway  capacity  and  serves  as  an  aide  in  deter¬ 
mining  the  need  for  more  detailed  hydrologic  and  hydrau¬ 
lic  studies,  considering  the  size  of  the  dam,  its 
general  condition  and  the  downstream  damage  potential. 
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WE ARE  RESERVOIR  DAM 
NH  00114 
SECTION  1 

PROJECT  INFORMATION 


1 . 1  General 


a.  Authority 

Public  Law  92-367,  August  8,  1972,  authorized 
the  Secretary  of  the  Army,  through  the  Corps 
of  Engineers,  to  initiate  a  national  program 
of  dam  inspection  throughout  the  United 
States.  The  New  England  Division  of  the 
Corps  of  Engineers  has  been  assigned  the 
responsibility  of  supervising  the  inspection 
of  dams  within  the  New  England  Region. 

Whitman  &  Howard,  Inc.  has  been  retained  by 
the  New  England  Division  to  inspect  and 
report  on  selected  dams  in  the  state  of  New 
Hampshire.  Authorization  and  notice  to 
proceed  was  issued  to  Whitman  &  Howard,  Inc. 
under  a  letter  of  May  1,  1978  from  Ralph  T. 
Garver,  Colonel,  Corps  of  Engineers.  Contract 
No.  DACW33-78-C-0313  has  been  assigned  by  the 
Corps  of  Engineers  for  this  work. 

b.  Purpose 

(1)  Perform  technical  inspection  and  evalua¬ 
tion  of  non-Federal  dams  to  identify 
conditions  which  threaten  the  public 
safety  and  thus  permit  correction  in  a 
timely  manner  by  non-Federal  interests. 

(2)  Encourage  and  assist  the  States  to 
initiate  quickly  effective  dam  safety 
programs  for  non-Federal  dams. 

(3)  To  update,  verify  and  complete  the 
National  Inventory  of  Dams. 
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1.2  Description  of  Project 


-  1 

a.  Location 

Weare  Reservoir  Dam  is  located  on  the  Piscataquog 
River  at  the  northern  end  of  Weare  Reservoir  (also 
called  Lake  Horace)  in  the  Town  of  Weare,  New 
Hampshire.  It  appears  on  the  U.S.G.S.  Quadrangle 
"Hillsboro,  New  Hampshire". 

b.  Description  of  Dam  and  Appurtenances 

Weare  Reservoir  Dam  is  an  on-stream  concrete 
gravity  dam  with  a  long  ogee  spillway.  The  north 
(left)  abutment  joins  with  an  earth  embankment 
extending  a  short  distance  to  a  steep  hillside. 

The  south  end  of  the  dam  has  a  stoplog  spillway 
with  crest  lowered  2 1 ,  adj  acent  to  a  very  short 
embankment  anchored  on  ledge.  Overall  dam  length 
is  340  feet  and  the  maximum  height  from  the  top  of 
embankment  to  the  low  point  in  the  channel  is  34 
feet. 

A  36"  low-level  discharge  pipe  is  situated  in  the 
north  abutment  and  is  controlled  from  a  gate  house 
atop  the  dam.  Flow  is  regulated  through  this  pipe 
and  through  the  stoplog  spillway. 

The  south  end  of  the  dam  and  central  portion  are 
anchored  on  ledge,  but  the  ledge  apparently  drops 
off  toward  the  north  end.  Construction  plans  show 
the  north  abutment  anchored  on  ledge  at  its  south¬ 
ern  end  and  founded  in  earth  the  rest  of  the  way 
with  an  impervious  soil  cutoff.  The  embankment 
has  an  impervious  soil  core,  is  riprapped  on  the 
upstream  face,  and  has  a  rock  fill  toe  drain. 

Weare  Reservoir  is  totally  artificial,  there  being 
no  natural  lake  before  the  dam  was  constructed. 

c.  Size  Classification 


The  dam  height  and  impoundment  volume  of  Weare 
Reservoir  places  the  project  at  the  low  end  of  the 
"Intermediate"  size  classification. 


d.  Hazard  Classification 

A  small  community,  known  as  Chase  Village,  lies 
downstream,  plus  a  few  secondary  road  bridges. 

The  original  dam  washed  out  in  a  1938  flood.  The 
records  of  the  flood,  which  seem  fairly  thorough, 
make  no  mention  of  deaths  caused  or  large  property 
damage.  The  Piscataguog  River  flows  into  the 
Everett  flood  control  reservoir  downstream.  All 
this  leads  to  the  conclusion  that  the  hazard 
classification  of  the  Weare  Reservoir  Dam  should 
be  "significant"  (middle  category  between  low  and 
high) . 

e .  Ownership 

The  original  owner  of  the  dam  was  the  Town  of 
Weare,  from  1913-1939.  Since  then,  the  dam  has 
been  owned  by  the  State  of  New  Hampshire,  and 
administered  through  the  New  Hampshire  Water 
Resources  Board. 

f .  Operator 

New  Hampshire  Water  Resources  Board 
37  Pleasant  Street 
Concord,  New  Hampshire  03301 
603-271-3406 

g.  Purpose  of  Dam 

The  Town  of  Weare,  in  cooperation  with  a  power 
company,  built  the  dam  to  encourage  growth  of 
manufacturing  as  a  town  improvement.  After  the 
State  takeover  in  1939,  the  dam  has  been  operated 
for  recreational  purposes. 

h.  Design  and  Construction  History 

The  dam  was  originally  built  in  1913  by  the  Town 
of  Weare,  through  an  organization  known  as  the 
Weare  Improvement  and  Reservoir  Association,  with 
some  support  from  the  Manchester  Traction  Light 
and  Power  Company.  This  original  dam  had  an  83 
foot  long  spillway  and  five  feet  of  freeboard. 


In  the  September,  1938  flood,  the  rorth  abutment 
failed  about  45  minutes  after  being  overtopped, 
and  completely  washed  away. 

Apparently  not  having  the  finances  to  rebuild,  the 
Association  turned  over  rights  to  the  dam  to  the 
State  of  New  Hampshire,  which  agreed  to  rebuild 
the  dam  and  operate  it  for  recreation  and  conserva¬ 
tion. 

The  dam  was  extensively  redesigned.  The  spillway 
was  doubled  in  length  and  the  embankments  raised 
two  feet.  The  north  embankment  was  rebuilt  in  a 
much  more  substantial  fashion.  The  improvements 
served  to  triple  the  flow  carrying  capacity. 

The  dam  has  received  frequent  repairs  since  then. 

At  the  time  of  this  report,  the  Water  Resources 
Board  has  a  detailed  and  extensive  restoration 
planned  for  1979-1980. 

i.  Normal  Operating  Procedures 

The  operating  procedure  is  a  typical  recreation 
cycle.  The  water  level  is  lowered  in  the  fall 
about  10  feet  below  the  spillway  crest  and  the 
stoplogs  removed.  Spring  runoff  fills  the  pond 
and  after  the  peak  of  runoff,  the  flashboards  are 
erected  and  the  water  level  kept  as  constant  as 
possible  during  the  summer  recreation  months. 

1.3  Pertinent  Data 

a .  Drainage  Area 

Total  drainage  are  is  29.04  square  miles,  of  which 
4.48  square  miles  are  controlled  at  Deering  Reser¬ 
voir.  The  terrain  of  the  watershed  is  quite 
rugged,  and  hydraulically  classified  as  mountainous 
-  rolling. 

b.  Discharge  at  Damsite 

(1)  Maximum  known  flood  -  September,  1938; 
peak  flow  unknown-dam  failed  shortly 
after  being  overtopped  from  surge  caused 
by  failure  of  upstream  dam.  Peak  flow 
probably  about  4000  cfs. 


(2)  Spillway  capacity  At  aaxia turn  pond  elev. 

•  12,100  cfs  litsuaet  stop. 09s  at  spill¬ 
way  crest  elev  ) 

(3)  Discharge  conduit  capacity  at  maximum 
pond  elev.  -  260  cfs 

(4)  Total  of  spillway  capacity  plus  conduit 
capacity  -  12,360  cfs 

Elevation  (ft.  about  MSL) 

(1)  Top  Dam  -  662.3 

(2)  Maximum  pool-design  surcharge  -  660  (top 
dam  minus  wave  ht. ) 

(3)  Full  flood  control  pool  -  N/A 

(4)  Recreation  pool  -  top  of  flashboards 

-  657.3 

(5)  Spillway  crest  -  655.3 

(6)  Upstream  portal  invert  diversion  tunnel 

-  630 

(7)  Streambed  at  centerline  of  dam  -  628 

(8)  Maximum  tailwater  -  Unknown.  Discharges 
directly  to  steep  natural  channel. 

Reservoir 

(1)  Length  of  maximum  pool  -  Approx.  17,800 

(2)  Length  of  recreation  pool  -  14,600  ft. 

(3)  Length  of  flood  control  pool  -  N/A 
Storage  (acre- feet) 

(1)  Recreation  pool  -  6,300 

(2)  Flood  control  pool  -  N/A 

(3)  Design  surcharge  -  7,940 


Reservoir  Surface  (acres) 

(1)  Top  dam  -  Est.  360 

(2)  Maximum  pool  -  Est.  350 

(3)  Flood-control  pool  -  N/A 

(4)  Recreation  pool  -  330 

(5)  Spillway  crest  -  326 

Dam 

(1)  Type  -  On-stream  concrete  gravity  dam, 
earth  embankments ,  on  ledge  and  earth. 

(2)  Length  -  340  ft. 

(3)  Height  -  34  ft. 

(4)  Top  Width  -  North  embankment  top  width 
10  ft. 

(5)  Side  Slopes  -  North  embankment  2.5:1  up¬ 
stream,  2:1  downstream. 

(6)  Zoning  -  North  embankment  impervious  core 
in  center. 

(7)  Impervious  Core  -  Soil,  D5Q  =  0.12  mm 

(8)  Cutoff  -  Portion  of  embankment  of  ledge 
has  short  concrete  cutoff. 

(9)  Grout  curtain  -  N/A 

(10)  Other  -  Concrete  portion  of  ledge  which 
slopes  down  from  south  to  north 

Diversion  and  Regulating  Tunnel 

(1)  Type  -  36"  C.I.  pipe 

(2)  Length  -  Through  north  abutment,  16  ft. 

(3)  Closure  -  Gate  valve.  Also  sluice  gate 
for  gate  well  and  bar  rack. 


(4)  Access  -  Operated  from  gate  house  above 

(5)  Regulating  Facilities  -  Manual  operation 

Spillway 

(1)  Type  -  Concrete  ogee 

(2)  Length  of  weir  -  157.3  ft.;  stoplog 
spillway  additional  24  ft. 

(3)  Crest  elevation  -  655.3 

(4)  Gates  -  Stoplog  spillway  24  ft.  wide, 
crest  2'  lower  than  spillway 

(5)  U/S  Channel  -  Earth  fill  against  heel 
of  dam 

(6)  D/S  Channel  -  Ledge,  heavy  boulders, 
steep 

(7)  General  -  Central  buttress  wall,  sharply 
angled  training  wall  at  right  end. 

Regulating  Outlets 

(1)  Invert  -  Stoplog  spillway  crest  -  653.2 

(2)  Size  -  24'  long 

(3)  Description  -  Depressed  sharp  crest  weir 

(4)  Control  Mechanism  -  Stoplogs  placed  manu 
ally  from  overhead  walkway. 


SECTION  2  -  ENGINEERING  DATA 


Design 

The  original  1913  project  consisted  of,  from  south 
to  north:  a  short  embankment  on  ledge,  with  a 
stoplog  spillway,  an  earthen  embankment  with  con¬ 
crete  core  wall  to  the  center  of  the  dam,  an  83 
foot  long  concrete  spillway,  and  the  north  earth 
embankment.  Original  specifications  are  available, 
without  plans,  however.  A  five  page  review  by 
Professor  Robert  Fletcher,  Director  of  the  Thayer 
School  of  Engineering  at  Dartmouth  College,  is 
also  available.  These  documents  give  a  good  pic¬ 
ture  of  the  original  design  intent. 

The  original  spillway  capacity  was  about  2,400  cfs, 
or  80  cfs  per  square  mile.  Professor  Fletcher 
suggested  raising  the  freeboard  by  18  inches  to 
increase  capacity,  but  this  was  apparently  not  done 

The  1938  flood  washed  out  the  north  abutment,  and 
destroyed  its  corewall. 

A  nearly  complete  set  of  reconstruction  plans  and 
specifications  is  available  from  the  1939  rebuild, 
plus  a  quite  thorough  design  report.  The  key 
points  of  the  reconstruction  were  as  follows: 

(1)  Replacing  the  washed-out  north  side  with  a 
more  substantial  embankment,  and  raising  the 
top  2  feet  over  the  original  crest. 

(2)  The  north  abutment  wall  was  raised  and  re¬ 
capped. 

(3)  The  old  spillway  was  capped,  keeping  the  crest 
elevation  the  same. 

(4)  The  corewall  of  the  old  central  embankment 
was  converted  into  a  spillway  section  (this 
is  the  present  south  half  of  the  ogee  spill¬ 
way). 

(5)  The  south  abutment  wall  was  raised. 

(6)  The  highway  on  the  north  side  was  rebuilt. 

(7)  Other  general  refurbishment. 


At  the  time  of  this  Phase  1  report,  preliminary 
plans  have  been  prepared  by  the  Water  Resources 
Board  for  an  extensive  renovation  planned  for 
1979-1980. 

2.2  Construction 

Unfortunately,  no  construction  records  or  data  are 
available  to  compliment  the  design  information. 

One  good  overview  photograph  exists  of  the  recon¬ 
struction  as  completed. 

2.3  Operation 

Level  records,  gate  openings,  and  stoplog  opera¬ 
tions  are  kept  by  the  Water  Resources  Board.  The 
operation  is  generally  the  typical  recreation 
cycle . 

2.4  Evaluation 

a.  Availability 

Design  -  Good  to  excellent 
Construction  -  Not  available 

b.  Adequacy  -  Good.  If  it  can  be  presumed  that 
no  major  blunders  or  gross  changes  occurred 
during  construction,  the  design  plans,  coupled 
with  records  of  an  extensive  recent  inspec¬ 
tion  by  the  Water  Resources  Board  and  the 
results  of  the  visual  observation  form  a 
reasonable  basis  for  conclusions. 


c. 


Validity  -  Good.  Records  match  well  with 
existing  condition,  as  far  as  can  be  observed. 


SECTION  3  -  VISUAL  INSPECTION 


3 . 1  Findings 

a.  General 

The  results  of  the  visual  observation,  combined 
with  the  records  of  the  December,  1977  inspec¬ 
tion  by  the  Water  Resources  Board  -  performed 
with  the  reservoir  substantially  drained  -  form 
an  unusually  thorough  record  of  the  dam's  existing 
condition. 

The  remainder  of  this  section  deals  with  the  in¬ 
spection  performed  as  part  of  this  report. 

b.  Dam 

(1)  North  embankment  -  the  crest  of  the  em¬ 
bankment  is  unpaved  and  appears  to  be 
used  as  a  vehicle  parking  area.  The 
upstream  slope  is  covered  with  riprap. 

A  minor  amount  of  brush  and  small  shrubs 
were  growing  through  the  riprap.  A 
significant  amount  of  erosion  has  taken 
place  on  the  upstream  face  adjacent  to 
the  north  concrete  abutment.  The  down¬ 
stream  slope  is  covered  with  grass,  and 
evidence  of  minor  brush  clearing  was  in 
existance.  The  rock  toe  was  observed, 
and  a  very  minor  amount  of  seepage  was 
noticed. 

(2)  North  abutment  -  several  cracks  were 
observed  in  the  face,  probably  temper¬ 
ature  cracks.  The  discharge  pipe  was 
leaking,  flow  was  about  1-1/4  inches  in 
the  36"  pipe. 

(3)  Spillway  -  the  spillway  was  difficult 
to  observe  because  of  flow.  Erosion 
looked  normal. 

(4)  Central  buttress  wall  -  Spalling  moderate 

(5)  South  training  wall  -  fairly  severe 
weathering  plus  cracks.  Undermined  at 
upstream  end. 
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(6) 

Stoplog  spillway  -  concrete  fair  to 
poor. 

l  V 

\  *  • 

V 

(7) 

South  abutment  -  concrete  moderately 
weathered.  Training  wall  in  good  condi¬ 
tion. 

••  *1' 

%  IV 

« 

(8) 

South  embankment  -  in  good  condition, 
solidly  on  ledge. 

1  - 

c. 

Appurtenant  Structures 

6 

The  gate  house  appears  from  the  outside  to  be  in 
fair  condition.  The  metal  roof  is  somewhat  crooked. 
The  inspection  team  did  not  observe  the  interior 
of  the  gate  house  or  the  gate  operation. 

B  K 


d.  Reservoir  Area 

There  is  extensive  cottage  development,  particularly 
south  of  the  dam. 

e.  Downstream  Channel 

The  downstream  channel  of  the  dam  is  covered  with 
large  boulders  and  exposed  bedrock.  Several  trees 
are  growing  in  the  channel  and  trees  overhang  from 
the  sides.  There  are  several  logs  lying  in  the 
channel . 

On  the  south  side  of  the  channel  downstream  from 
the  stoplog  spillway,  soil  is  eroding  from  a  steep 
slope.  Bedrock  is  exposed  several  feet  above  the 
channel  bottom  and  the  soil  above  the  bedrock  is 
actively  eroding.  Trees  at  the  top  of  the  slope 
are  leaning  over  the  channel,  and  a  cabin  is  situ¬ 
ated  a  short  distance  from  the  top  of  the  slope 
and  could  be  endangered  by  continued  erosion. 

3.2  Evaluation 

Based  on  the  visual  examination,  the  north  embank¬ 
ment  of  the  dam  is  in  good  condition.  Erosion  of 
the  upstream  slope  adjacent  to  the  abutment  should 
be  repaired.  A  grass  cover  should  be  established 
on  the  crest  and  trespassing  should  be  controlled. 
The  minor  seepage  at  the  toe  should  be  monitored. 

The  erosion  in  the  bank  downstream  from  the  stop- 
log  spillway  must  be  arrested  to  prevent  eventual 
damage  to  the  private  cottage. 
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Several  areas  of  the  concrete  surface  are  in  poor 
condition,  mostly  spalling,  weathering  and  temper¬ 
ature  cracks.  Nothing  in  the  concrete  condition 
indicates  gross  instabilities.  It  is  known  that 
the  Water  Resources  Board  is  well  aware  of  these 
conditions  and  is  making  plans  for  their  correc¬ 
tion. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  Procedures 

The  operating  procedures  follow  a  typical  recrea^ 
tion  cycle.  See  1.2  i. 

4.2  Maintenance  of  Dam 

The  dam  has  received  conscientious  and  knowledge' 
able  maintenance.  Present  deficiencies  have  been 
closely  monitored  and  plans  are  being  prepared  for 
their  correction. 

4.3  Maintenance  of  Operating  Facilities 

Records  claim  the  gate  to  the  36"  discharge  pipe 
is  in  good  operating  condition,  though  this  was 
not  observed  by  the  inspection  team. 

4.4  Description  of  Any  Warning  System  in  Effect 

Although  the  dam  is  not  observed  continually,  the 
Water  Resources  Board  has  the  expertise  to  foresee 
common  dangers  and  provide  knowledgeable  warning. 

4 . 5  Evaluation 


Operational  procedures  seem  adequate. 


SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design  Data 

The  original  1913  dam  was  designed  for  only  about 
80  cfs/square  mile.  The  spillway  redesign  in  1939 
was  governed  more  by  practical  considerations  (a 
convenient  method  of  enlarging  the  spillway  by 
converting  the  central  embankment  to  a  spillway 
presented  itself)  than  by  any  particular  discharge 
criteria.  The  improvements  more  than  tripled  flow 
capacity. 

b .  Experience  Data 

The  1938  flood  caused  failure  of  the  dam  shortly 
after  the  old  north  embankment  was  overtopped. 

Peak  flow  is  unknown,  since  the  failure  most  prob¬ 
ably  occurred  shortly  after  a  surge  caused  by  an 
upstream  dam  failure.  4000  cfs  seems  like  a 
reasonable  estimate.  The  present  dam  could  pass 
this  flow  without  overtopping. 

c.  Visual  Observations 

From  historical  photographs  and  the  visual  inspec¬ 
tion,  it  appears  that  this  reservoir  is  plagued 
more  than  most  by  debris,  particularly  logs.  Con¬ 
tinual  clearing  of  the  crest  and  downstream  channel 
of  debris  is  necessary  to  preserve  the  full  capa¬ 
city  of  the  spillway. 

d.  Overtopping  Potential 

Reference  is  made  to  Appendix  D  for  the  hydrologic 
computations  performed  as  a  part  of  this  report. 

The  probable  maximum  flood  (PMF)  is  computed  to  be 
about  42,000  cubic  feet  per  second  (cfs)  inflow 
into  the  reservoir.  The  PMF  is  defined  as  the 
largest  flood  that  can  reasonably  be  expected  to 
occur  on  a  given  stream  at  a  selected  point,  or 
the  flood  that  may  be  expected  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic 
conditions  that  are  reasonably  possible  in  the 
region. 


For  dams  in  the  intermediate  size  classification 
and  significant  hazard  classification,  the  "test 
flood"  is  generally  chosen  between  one-half  of  the 
PMF  and  the  full  PMF.  The  test  flood  is  that 
flood  used  to  evaluate  the  hydraulic  adequacy  of  a 
project.  The  test  flood  for  Weare  Reservoir  Dam 
is  chosen  as  one-half  the  PMF. 

During  the  test  flood  peak  outflow  at  the  dam 
would  be  about  17,300  cfs,  the  reduction  from 
21,000  cfs  inflow  being  accounted  for  by  the  sur¬ 
charged  storage  "cushion"  effect  of  the  reservoir. 
The  spillway  capacity,  including  the  stoplog 
spillway  and  neglecting  wave  overtopping,  is  about 
12,360  cfs  or  71%  of  the  test  flood.  Overtopping 
potential  is  moderate.  A  flow  of  17,300  cfs  would 
overtop  the  dam  by  about  1.5  feet,  probably  suf¬ 
ficient  to  wash  out  the  north  abutment,  the  most 
vulnerable  part  of  the  dam.  If  the  dam  failed, 
the  depth  of  flow  downstream  would  be  in  the  order 
of  10  feet.  However,  due  to  the  steep  slope,  the 
velocity  of  the  flood  flow  would  be  over  10  ft. /sec. 
Flood  flow  with  high  velocity  generally  causes 
high  damage. 

Since  this  reservoir  is  only  used  for  recreation, 
it  is  suggested  that  the  reservoir  be  emptied 
during  the  winter  season  and  filled  back  slowly 
during  early  spring.  This  would  reduce  the  chance 
of  the  Spring  flood  which  is  usually  a  combination 
of  storm  rainfall  and  snowmelt. 


a.  Visual  Observations 

No  evidence  was  found  of  gross  structural  instabil¬ 
ity.  There  is,  however,  evidence  of  problems  which 
could  become  serious  if  allowed  to  progress. 

Soil  erosion  is  occurring  on  the  upstream  face  of 
the  north  abutment  and  also  along  the  south  down¬ 
stream  bank,  caused  by  discharge  flow  from  the 
stoplog  spillway.  The  latter  is  progressing  to¬ 
wards  undermining  the  foundation  of  a  small  private 
cottage . 

Concrete  surfaces  are  spalled  and  weathered  in 
various  places  and  there  are  a  significant  number 
of  concrete  cracks,  probably  temperature  cracks. 

b.  Design  and  Construction  Data 

Design  data  is  fairly  complete,  except  for 
designer's  computations,  and  indicate  that  the 
dam  design  was  a  professional  effort.  The  1939 
reconstruction  made  good  use  of  the  portions  of 
the  structure  not  harmed  in  the  flood. 

Unfortunately,  no  construction  records  or  data 
have  survived  to  the  present  time. 

c .  Operating  Records 

Apparently,  the  pond  used  to  be  lowered  more  in 
the  fall  than  is  done  presently.  A  study  of  the 
results  of  the  1977  Water  Resources  Board  inspec¬ 
tion  show  two  areas  of  ice  damage  to  the  upstream 
face  of  the  spillway.  One  is  around  the  level 
apparently  used  for  winter  operation,  and  the 
other  is  quite  a  few  feet  lower. 

d.  Post  Construction  Changes 

The  stoplog  spillway  and  south  abutment  was  re¬ 
built  in  1954,  and  the  south  training  wall  was 
also  added  at  that  time. 


Various  other  smaller  repairs  have  been  made  fre 
guently . 

d.  Seismic  Stability 

This  dam  is  in  Seismic  Zone  2  and  hence  does  not 
have  to  be  evaluated  for  structural  stability 
according  to  the  OCE  Recommended  Guidelines. 


SECTION  7  -  ASSESSMENT,  RECOMMENDATIONS 
AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a .  Condition 

Weare  Reservoir  Dam  is  assessed  to  be  in  overall 
fair  condition.  It  is  recognized  that  the  Water 
Resources  Board  is  well  aware  of  the  various 
deficiencies  and  is  planning  extensive  renovations 
for  the  near  future.  Study  of  the  proposed  reno¬ 
vation  program  indicates  that  with  its  successful 
completion,  the  dam  assessment  will  be  consider¬ 
ably  upgraded. 

b.  Adequacy  of  Information 

Design  information  is  quite  good,  and  an  unusually 
complete  analysis  is  available  of  the  present  con¬ 
dition  of  the  dam.  However,  no  construction  re¬ 
cords  exist  which  would  serve  to  complete  the  back¬ 
ground  data.  Very  little  hard  information  is 
available  regarding  soils  and  geology. 

The  proposed  program  of  renovations,  planned  for 
1979-1980  by  the  Water  Resources  Board  includes 
the  following  steps: 

(1)  Refacing  the  upstream  face  of  the  spillway. 

(2)  Capping  and  refacing  the  middle  buttress  wall. 

(3)  Refacing  the  downstream  face  of  the  north 
abutment . 

(4)  Removing  and  replacing  the  pier  and  training 
wall  on  the  north  side  of  the  stoplog  spill¬ 
way. 

(5)  Remounting  the  stoplog  spillway  catwalk. 

(6)  Patching  the  downstream  side  of  the  stoplog 
spillway  and  refacing  the  south  abutments  of 
the  stoplog  spillway. 

(7)  Erecting  a  new  80  foot  long  retaining  wall  on 
the  south  downstream  bank  and  placing  earth 
fill  to  remedy  the  erosion. 
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c .  Urgency 


The  recommendations  and  remedial  measures  mentioned 
below  should  be  carried  out  within  one  to  two 
years,  as  planned  by  the  Water  Resources  Board. 

d.  Need  for  Additional  Investigation 

Based  on  the  visual  observation  and  the  study  of 
the  1977  Water  Resources  Board  inspection,  no  need 
exists  for  additional  inspections. 

7.2  Recommendations 

The  owner  should  carry  out  the  proposed  restoration 
plan  with  the  following  additions: 

(1)  Provide  erosion  protection  on  the  crest  of 
the  north  embankment  (e.g.  paving  or  grass) 
and  take  measures  to  prevent  unauthorized 
vehicle  access  to  the  crest. 

(2)  Repair  the  soil  erosion  on  the  upstream  face 
of  the  north  embankment  adjacent  to  the  con¬ 
crete  abutment. 

7.3  Remedial  Measures 

a.  Alternatives  -  N/A 

b.  Operating  and  Maintenance  Procedures 

The  owner  should  monitor  the  slight  seepage  at  the 
downstream  rock  filled  toe  drain  of  the  north  em¬ 
bankment  for  any  changes.  The  owner  should  also 
investigate  the  apparent  leakage  of  the  36"  gate 
and  make  repairs  as  necessary. 


WEARE  RESERVOIR  DAM 
APPENDICES 

Description 

Visual  Inspection  Checklist  -  7  pp. 

Engineering  Data  with  Index 

Inspection  Photographs  with  Index  -  8  photos 

Hydrologic  Computation 

Information  as  Contained  in  the  National 
Inventory  of  Dams 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  Weare  Reservoir  Dam 


DATE  6/22/73 


PROJECT  FEATURE  North  embankment  NAME  R.  Hirschfeld 


DISCIPLINE 


AREA  EVALUATED 


DAM  EMBANKMENT 


Crest  Elevation 
Current  Pool  Elevation 
Maximum  Impoundment  to  Date 
Surface  Cracks 
Pavement  Condition 

r 

Movement  or  Settlement  of  Crest 


NAME 


CONDITION 


None  observed 


Not  paved 
None  observed 


Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at 
Concrete  Structures 

Indication  of  Movement  of 
Structural  Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes 
or  Abutments 

Rock  Slope  Protection-Riprap 
Failures 

Unusual  Movement  or  Cracking  at  or 
near  Toes 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Boils 

Foundation  Drainage  Features 

Toe  Drains 


None  observed 

Good 

Good 

Some  erosion  at  contact  between 
embankment  and  concrete  section 

None  observed 


None  observed 


None  observed 


None  observed 


None  observed 


Minor  seepage  at  downstream  toe 


None  observed 
None  observed 


Rock  fill  toe 


Instrumentation  System 


CONDITION 


AREA  EVALUATED 


OUTLET  WORKS-TRANSITION  AND  CONDUIT 


General  Condition  of  Concrete 
Rust  or  Staining  on  Concrete 
Spalling 

Erosion  or  Cavitation 
Cracking 

Alignment  of  Monoliths 
Alignment  of  Joints 


None  observed 

None 

Concrete  pad  on  which 
discharges  has  normal 
None  observed 

36"  pipe 
erosion 

1-1/4"  flow  observed  in  36" 
pipe  -  probably  leakage 
through  gate 

PERIODIC  INSPECTION  CHECK 

LIST 

PROJECT  Weare 

Reservoir 

Dam 

DATE 

6/22/78 

PROJECT  FEATURE 

Stoplog 

spillway 

NAME 

DISCIPLINE 

NAME _ 

AREA  EVALUATED 


OUTLET  WORKS-OUTLET  STRUCTURE  AND 


OUTLET  CHANNEL 


General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Erosion  or  Caviation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  at  Joints 

Drain  Holes 

Channel 

Loose  Rock  or  Trees  Overhanging 
Channel 

Condition  of  Discharge  Channel 


CONDITION 


Stoplog  Spillwa' 


Sill  worn 
None 

Some  -  not  severe 

Normal 

None 

None 

The  channels  holding  the  logs 
are  rusted 

Drain  holes  in  south  abutment  OK 

Yes,  also  trees 
Much  debris 


PERIODIC  INSPECTION  CHECK  LIST 


r  Dam 


DATE  6/22/78 


PROJECT  FEATURE 


DISCIPLINE 


AREA  EVALUATED 


OUTLET  WORKS-SPILLWAY  WEIR,  APPROACH 


AND  DISCHARGE  CHANNELS 


Approach  Channel 
General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Approach  Channel 
Weir  and  Training  Walls 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Any  Visible  Reinforcing 
Any  Seepage  or  Efflorescence 
Drain  Holes 
Discharge  Channel 
General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Channel 
Other  Obstructions 


ONDITIQN 


No  approach  channel  as  such 
dam  is  "on-stream" 


(Note:  surface  had  1"  flow  - 
somewhat  difficult  to  inspect) 

Normal  erosion.  North  abutment 
some  temp,  cracks.  South  training 
wall  poor. 

None 

Middle  buttress  wall  spalled  on 
both  faces 

None 

None 


Large  boulders ,  ledge 


Trees  growing  in  channel 
Much  debris 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  Weare  Reservoir  Dam 


DATE 


6/22/78 


PROJECT  FEATURE  Catwalk  for  NAME 

Stoplog  Spillway 

DISCIPLINE  NAME 


AREA  EVALUATED 
OUTLET  WORKS-SERVICE  BRIDGE 

a.  Super  Structure 

Bearings 

Anchor  Bolts 

Bridge  Seat 

Longitudinal  Members 

Under  Side  of  Deck 

Secondary  Bracing 


Deck 


Drainage  System 
Railings 

Expansion  Joints 


CONDITION 


Both  ends  of  catwalk  fixed 

-  has  caused  bowing  &  cracking 

-  no  room  for  temp,  expansion. 

Railings  &  surface  good. 


L  < 


Paint 


b.  Abutment  &  Piers 

General  Condition  of  Concrete 
Alignment  of  Abutment 
Approach  to  Bridge  . 

Condition  of  Seat  &  Backwall 


North  abutment  of  stoplog 
spillway  weathered  &  cracked . 


L  < 
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APPENDIX  B 


ENGINEERING  DATA 


Plate-Plan  &  Section  -  traced  from  1939  reconstruction 
plans 

Inspection  report  by  NH  Water  Resources  Board,  12/14/77 
with  10  pages  of  photos  &  photo  index 

Memo  about  upstream  face  -  11/21/63 

Overview  photo  of  completed  reconstruction,  May,  1941 

"Report  on  Reconstruction  of  Dam  and  Highway  at  North 
Weare  Reservoir",  NH  Water  Resources  Board,  March, 
1940  -  first  7  pages 

Mechanical  analysis  of  core  material  (Appendix  of  above 
report) 

Original  Contract  and  Specifications,  1/18/13  -  6  pages 

Review  of  original  design  by  Prof.  R.  Fletches,  Thayer 
School  of  Engineering  -  5  pages  with  sketch 


STATE  OF  NEW  HAMPSHIRE 

INTER-OEPARTMENT  COMMUNICATION 

Ji-  DATE  December  14,  1977 

ROM  Stephen  C.  Burritt^^"-^  AT  (OFFICE) 

Water  Resources  Board 

*3 

;  USJECT  Weare  Reservoir  *  November  1976  inspection 


TO  File 


"“l.  RightEmbankment : 

Concrete,  about  2*  wide  at  the  top  with  battered  sides.  Founded  on  ledge.  The 
concrete  is  in  good  shape  and  this  area  requires  no  repairs  at  this  time.  See  photo  #2.  . 

*'2.  Right  Abutment  &  retaining  wall 

The  retaining  wall  was  new  with  the  1954  Repairs.  The  drain  holes  at  the  base  o£  thi 
appear  to  be  open  and  working.  At  this  timethere  was  no  water  in  the.^'The  Abutment 
concrete  is  weathered  but  appears  to  be  structurally  sound  with  no  large  holes  or  cracks 
(see  photo  #1).  The  stoplog  section  is  made  by  bolting  a  channel  to  the  abutment  (photo  3) 
f  This  was  grouted  in  and  this  has  washed  out  and  been  repaired  several  times,  the  latest 
'  being  Spring  1976.  This  channel  should  be  removed  and  replaced  as  it  is  heavily  rusted. 

The  Abutment  should  be  refaced  and  a  new  stoplog  slot  be  cast  in  this  new  facing. 


3.  Stoplog  Spillway: 


I  This  is  a  concrete  spillway  founded  on  ledge.  The  stantion  beams  are  grouted  in. 

the  concrete  (see  photo  #5).  The  concrete  is  in  good  shape,  but  it  does  show  signs 
of  wear.  There  is  one  area  shown  in  the  photo  where  the  ledge  has  dislodged  itself, 

.  this  area  should  be  concreted  back  in.  , 


4.  Sluiceway  (below  stoplog  3ectinn) 


1  This  area  is  founded  on  ledge  and  has  sand  and  gravel  on  top.  This  is  washing 

back  into  the  bank  and  will  be  threatening  the  safety  of  one  camp  in  a  few  years.  A 
retaining  wall  should  be  built  in  this  area.  This  wall  would  be  about  10'  call  and  100 
.  to  135  feet  long.  Because  of  the  large  drop,  several  energy  disapators  should  be  built 
between  the  existing  wall  and  the  proposed  wall.  . 


5.  Stoplog  Pier: 


This  pier  is  in  poor  shape.  There  are  several  cracks  and  the  concrete  is 
weathered  badly  (see  photos  6,  7,  10,  11).  This  should  be  chipped  down  to  solid 
concrete  and  refaced.  It  appears  that  the  catwalk  has  been  rigidly  fastened  to  this 
•  pier  and  also  at  the  other  end  at  the  abutment  the  expansion  and  contraction  of  the 
steel  beams  may  have  caused  part  of  the  cracks  in  Che  pier.  The  catvalk  could  be 
lowered  about  3  feet  to  make  operation  easier  and  still  be  above  the  flow  level  at 
\  a  100  year  flood.  When  Che  new  catwalk  is  installed  it  should  be  anchored  only  at  one  end. 


6.  Retaining  wall  (below  stoplog  pier) 

This  is  a  concrete  wall  with  no  reinforcement.  This  wall  has  several  cracks 
where  the  wail  has  shifted  due  to  expansion  and  contraction.  This  wall  should  be  refaced. 


'.v'eare  Reservoir 


II 


December  Li,  1977 


7.  Righc  spillway  (South  spillway) 

't 

This  3pillway  was  new  in  1938  and  the  upstream  face  extends  down  about  5  to  6  feet 
below  the  crest.  At  the  time  of  construction  this  face  was  back-filled  with  earth. 

This  material  has  been  washed  away  exposing  the  bottom  of  the  refacing. 

This  area  should  be  back  filled  and  riprap  pLaced  on  cop  of  the  fill  to  reduce 
the  erosion.  The  concrete  in  this  area  is  in  good  shape.  There  are  a  few  very 
small  areas  that  are  in  need  of  repair.  These  can  be  patched  with  an  epoxy  type  repair. 

8.  Lt  Spillway  (North  spillway) 

This  is  the  original  spillway  that  was  refaced  on  the  downstream  side  and 
capped  when  the  Rc  spillway  was  built.  The  downstream  face  is  in  good  3hape  except 
for  a  few  areas  that  can  be  patched.  The  upstream  face  (see  photos  13,  19,20)  has 
been  eroded  in  two  areas.  One  about  6'  below  the  spillway  crest  and  the  other  about 
15'  co  18'  below  the  spillway  crest.  These  were  caused  by  ice  action.  The  lower  area 
was  present  in  the  lace  1930' s  and  due  co  tha  operations  that  were  done  at  that  time. 
This  upstream  face  should  be  refaced  with  about  3"  to  1*  of  concrete.  This  area  should 
go  from  the  crest  down  about  15'  to  cover. 

9.  North  Abutment 

This  abutment  is  in  fairly  good  shape.  There  i3  some  concrece  erosion  in  the 
location  of  a  cold  joint  but  this  could  be  repaired  with  an  epoxy. 

10.  Gates: 

Roth  gates  are  in  good  working  ordar. 

11.  Earth  Embankment: 

There  are  some  areas  near  the  North  abutment  that  should  be  filled  and  covered 
with  loam  and  seeded.  The  downstream  slope  should  be  cleared  of  heavy  growth. 
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MEMORANDUM 


RE:  Inspection  of  Weare  Reservoir  Dan 


November  21,  1963 


An  inspection  was  made  of  the  upstream  face  of  Weare 
Reservoir  Dam  adjacent  to  the  gate  house  on  November  21,  1963. 

The  area  in  question  had  been  inspected  in  1954  and  photographs 
taken  at  that  time  showed  scaling  concrete  about  16  £eet  below 
the  crest  running  across  this  section. 

During  this  inspection,  it  was  noted  that  this  original 
scaling  area  had  not  appeared  to  change  in  size  or  shape  near  the 
water  surface  at  13  feet  below  the  crest.  However,  at  the  upper 
level  of  the  dam  3-5'  below  the  crest,  the  former  small  scaled 
areas  have  increased  in  size.  This  condition  was  probably  caused, 
by  the  action  of  ice  at  this  level. 

The  extent,  of.  -'■=»ling  does  not  appear  to  have  changed 
^ncly  J.n  the  past  9  years  to  warrant  repairs. 

It  is  recommended  that  these  areas  be  checked  regularly 
and  if  substantial  changes  are  noted,  the  necessary  repairs  should 
be  made .  j 


Vernon  A.  Kaowiton 
Civil  Engineer 
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nnsror  iss  ccrchcsicrs  .  >  ";1  ‘ 

The  Hears  Scservoir  Project  consists  of  rebuilding  « 
daa  across  the  riocatcggog  iiiver  and  an  adjacent  hi  tfraayt  both 
sashed  oat  during.  the  flood  of  on teeter  1353*  this  dis*  lo¬ 
cated  In  bear©,  sill  font  a  rocreetioasl  and  flood  control  reser¬ 
voir  cased  and  controlled  by  the  .  tate  of  Hew  Esnpahlre*  Hurwys 


have  bees  naede,  designo  prepared,  eonoiroction  bids  received  end 
the  follosirg  report  rritton.  The  uajor  facts  fanrt  ores 


'  1*  The  neecr-roir  rill  haw  a  rater  surfhno  eras.  of  22C  ^ 

‘  i 

acres  sed  a  gross  capacity  of  8,200  acre  feet* 

2*  The  receastractios  cork  will  consist  of  replacing  the 

*  r 

•  •  -  - *• 

earth  crl-ar.irsnt  ct  the  north  end  of  the  dan  slth  Its  tap  raised 
too  feet  sad  alt h  flatter  slopes  upstrcca  and  dcnaotroaca*  The  spill 
nay  alll  he  lengthened  and  its  discharge  capacity  increased  sure 
than  three  tires*  .  ' 

3*  The  eatiraatod  cost  of  the  project  is  «53,SC1» 

4*  Voe&m  are  availcblo  to  aeet  the  ccsslota  cost  of  the 

•  "  •*  *«•••• 

erojoct* 

5*  The  annual  cost  of  the  project  is  estimated  at  £120.  ' 


6*  Tie  bcce fits  fro»  the  project  era  soetly  the  re¬ 
creational  benefits  rshieh  will  result  ftow  a  lake  aelstaiaad  set 
a  eccstant  election  during  the  tw sr  months*  The  eater  level 
la  the  reservoir  trill  be  lowered  during  the  fell  ard  winter  to 
provide  eepeeity  for  storing  flood  esters  so  tibet  flood  dssege  to 
cornual  ties  on  the  river  dowr.strosn  will  be  reduced*  are  powr 
benefits  will  result  to  hyiroeleotrie  pints  on  the  ?laeatsquog 
BSvwr  when  the  water  is  released* 

7*  The  dan  sad  flowage  rights  are  seer  eased  bj  the 
teare  X*s?rtnresesyfc  sad  Keaerrclr  iasocl atioc*  This  Correny  las 
f offered  to  deed  ell  rights  in  the  project  to  the  State  of  See 
*^3aag*hir«  for  one  dollar  with  the  only  rceerretion  that  if  the 
"property  la  said  to  say  other  party  thea  the  State  or  is  used 
for  purposes  other  then  eo- serration,  flood  control  or  roc  lection, 
:it  shell  revort  to  the  Association.  *  :''v  -  .  v 

C3gCLS£l5!»  The  State  is  assua&ag  is  this  project  only  sa  casual 
expenditure  of  shout  #1CG*  The  benefits  to  the  Taws  of  -eare  sad 
to  the  ?tsfce  of  See  Hanpehire  froa  the  eosetractioo  of  this  pro¬ 
ject  under  State  ownership  end  central  so  fur  exceed  thin  saouafe 
that  the  project  should  be  carried  through* 


The  »nn  Sesemir  is  located  is  the 


Elliboro  Coosty.  It  U  n  artificial  body  at 
a  da»  across  the  71  scatagoo^  liTBretovt  S  silos  above  ita 
flasaoe  with  tbs  Tarriasck  Sirar  at  laaehastsr  asd  shoot  2  si 
aboro  the  Tillers  of  Harth  team.  A  asp  of  the 
TicirAty  la  Isdudad  as  Figure  1* 


*7 


-raira.'o 


.  * 


"care  Saeerrsir 
T.ocriss  Tcssrrrair 


23*04 

4.43 


wiles 


5--.  .. 


core  Seserroir  useon  trolled  24.CS 
Reservoir  -  fell  rorad 

104  (1 
Z2S 


"5a: tor  Surface  Hevaticc 
Pesorvulr  Area 
Seservolr  Capacity 


1}  356  C 3.S-0-S 


8325*  acre  feet 
274,SOC.DCO  ecu.  ft. 

2TT  atuft^/sqodL.  (set  3. 
4-3  laches  (set 


«T3 


23  feet 


1  'v- 


na 


The  presort  das  la  eocatroctsd  of  oerth  sad  cacerste  with. 
*  total  Issctia  af  272  feet.  Tbs  spillsay,  located  la  the  oil  rli 


b«d,  is  ft  gravity  section  of  concrete  — eonry  built  on  ledge  sdth 
a  crest  SO  foot  long  sad  ft  raxtnmi  height  of  26  foot-  The  per— p- 
«nt  crest  of  this  spill— 7  is  at  olevstioe  101*0  {local  datoc)*. 
Toll  reservoir  clanraiion  at  1C4  Is  naint&iaed  by  pis  tppe  flash— 
boards  2  feet  hist  placed  —  the  occereto  crest*  it  berth  tods  of 
the  spill— 7  are  concrete  abafcaact  —I  la  bet—  tfilA  Bad  the  cd— 
'scoot  hillside  are  earth.  eaboaS aunts  tilth  a  top  devati.cn  at  1CS*0 
or  S  feet  above  the  porsacent  splllea 7  crest*  The  enheahasnte 


concrete  core 


Lis  estecdir.,1  free  the  concrete 


to  as 


carried 


jfteeot  hillside-  la  the  couth  edbaedeset  the  core  —11 
to  lodge  tLrnu^hout  its  entire  length*  la  the  north. 

■the  ledge  draotfsd  off  sad  the  batten  of  the  core  —12  —5  not 
carried  to  ledge  bat  rested  on  a.  la^or  of  heavy  ioporviouo  earth 
srad  — s  tied  into  the  ssas  material  at  its  — d*  It  — s  this 
—at  1*1% e*  oss  overtopped,  cad  carried,  assay  ±a  the  flood*  together  vdth 
the  road  —ids  pesseri  the  dan  at  this  sad*  ^  ... 

A  aides— y  25  foot  long  vith  par— at  crest  at  eleva¬ 
tion  99,  -so  feet  below  the  persassst  spill— y  crest*  Is  located 
-  •  •  . 

acer  the  couth  cad  of  the  dsn*  This  sluice—; y  has  four  sections 
for  sloe  foot  stop  logs  sad  is  specsed  by  a  bridge  to  perait  cosy 
placing  sad  re— 1  of  the  atop  logs* 

A  36"  discharge  conduit  of  cost  iron  pipe  la  csacaaed  in  , 


oascretc  at  the  north  end  of  the  spill 


This  pipe  is  controlled 


by  *  30"  safe*  t*1vw  laca&ed  is  a  gate  sell  at  it*  upper  and-  In¬ 
spection  of  this  sat*  la  possible  by  stopping  flow  1st*  tbe  s*^> 
wall  by  a  25  sluice  gate. 

A  Tin  of  the  dan  taken  acvaral  pears  ago  is  laalatod 
u  Tigere  2*  This  show*  th*  dan  befocro  the  washout  during  low 
vaier  oordition  is  the  reserroir. 

s?ss  a?  sr.?agE5  iasa  .  - 

7b*  atom  of  Saptcswer  1213  miah.  oaosed  the  failure  of 
das.  vm.»  of  tropical  origin  and  caused  unprecedented  -flood* 
is  southeast  Hew  Ilascrchirc.  The  nearest  recorded  rainfall  record: 
ucro  at  *hc  Jarlsam  station  of  the  u’clic  Service  Coocsety  of  How 
.-jcwssiro  about  ui^nt  sii«s  to  ta  xmeru  These  record*  shooed 
that  the  sain  stem  began  oc  Tepteeber  22,  chan  1.43  Inches  of 
rain  fall  during  the  11  hour*  fraa  3  A.  IX.  to  3  H»,  .and  * 

total  rainfall  of  Z.7C  inches  far  tie  25  boors.  lain  cactlraacd 

* 

on  the  21st  and  22nd  until  a  total  of  3*24  inch**  had  fallen  far 
the  three  days*  '  those  throe  days  hod  been  proceeded  by  a  rainy 

k  * 

«  .  ^ 
spell.  of  aosesr  days  during  which  period,  2*73  inches  of  rain  foil, 

•  total  for  the.  ten  days  of  12*73  inches*  la  fable  1  are 
risen  the  daily  9ind  ccgislatiTc  precipitation  recorded  at  Jacfcam 
Station  for  thie  period. 


it  at  the  north 


fUt  Sgplaclng  the  earth,  erhsctam 

— • 

eai  of  the  daa  rith  its  top  at  elevation  108  or  Z  feet  above 
the  old  deration.  The  orl -leal  slopes  of.  an  1  *£12  bo  in¬ 
creased  to  23  oa  1  and  2  oe  1  es  the  apstraaa.  sod  doenstreaa 
faces  respectively.  The  cabclaegfe  rill  consist  of  an  Impervious 


earth  cons  v/ith  gravel  shoulders  -rotoctod  by  rip  rap-  Saltablo 
materials  are  found  nearby,  tests  of  shich  are  included  as-  japo> 
dix  3*  ...  ... 

pbT(  Tbs  boa try  retaining  sails  supporting  tills  fill  xdll 
be  raised  2  foot  and  at rtn^; fchor. od ,  and  tha  slopes  increased  to  cor¬ 
respond  rith  these  of  tin  earth  fill. 

JS)  Tho  old  spillsay  sill  he  ctrecgtbaccd  and  Scar  con¬ 
ditions  over  the  apillaa 7  lac  roved  by  a  near  concrete  facing  an  tho 
dam  stream  slope  and  as  crest*  This  sill  correct  the  present  bad¬ 
ly  eroded  condition  on  the  does*trees  slope  of  this  spill-say. 

She  peraeaect  crest  will  be  maintained  ct  the  precast  elevation 

and  provision,  cede  for  2  foot  of  flashbocrda* 

.  •  ,  ■»  •  **  * 

.  (d)  She  present  out  1  at  varies  including  racks  and  gatsa 
*111  not  be  changed  bat  trill  be  put  in  good  cccdltiac- 

ToT  She  core  nail  of  the  earth  fill  botaeon  tho  yrccest 

0  ^ 

spillray  and  tho  ululcrcsiy  ^li  -o  esav^rted  Ssto  &  r.«w  spillway  ' 


7 


oeeti job  ^7  the  rwweal  of  its  upper  pert  ssd  the  addition  of  ood» 
creto  rsoorry*  Tbs  Tl^od  rarhed  saray  practically  all  the  earth 
cabsriteeat  original  ip  placed  domatrcoa  froa  this  core  vail*  ttLtb- 
out  darsagisg  the  vail*  This  trill  persit  placing  this  cane  rets 
■srith  very  little  additional  oixaratiaa*  The  upper  portion  of  the 
earth  fill  tnstreca  froa  the-  core  sail  uill  be  renewed  to  a  iuf— 
fieiontly  low  elevation  to  jiee  jood  fleer  approach  cenditiaes* 

The  aboteaest  botrecc  this  section  and  the  present  spillaaj  eill 
rends  aa  it  is* 

Xfl  The  slsdcccay  -sail  not  bo  cheated  ascent  to  replace 

V  * 

such  tirsber-  rori:  cs  iaw;  retted  sad  to  put  the  existing  structures 
in  good  condition*  » 

JsJ.  A  short  concrete  will  to  dewatias  133  sill  be 
cajstructod  just  south  of  the  cltdcecoy*  ..  ^  «  -  > 

££  The  hicbeay  north  oC  tho  deaa  sbich  -saa  sashed  out*, 
trill  be  replaced  is  its  original  location  but  raised  has  feet  sfcero 
it  crosses  tha  das  egbadcaeat*.  This  rood  sill  here  a  25  Toot  rood* 
M7  with  slopes*  o£  2£  oar  1  below.;  the  <ian,  ri propped  to  deration 
80*  Jttxrre  the  daa  these  slopes  tdll  be  increased  to  2  an  1*  ■  - 

SSTT'-gZ  1?  TvTS?  ■!?  ^£IC?  '  •  . 

.  Tbo  eetircted  cost  of  She  conplete  project  is  ^ IS,  101 
distributed  so  sheen  in  Tabic  2*  ^ 


yUEAgg  irpP-Q^r^TT  ;J3  325337013  ASSOCIATION 


Contract  and  Specifications  for  Building  Baa. 


This  agreement  made  and  concluded  this  lSth.  day  or  January 
I  in  the  year  one  thousand  nine  hundred  and  thirteen,  between  the 
•|  Wears  Improvement  and  Reservoir  Association  by  ita  President, 

Ij  party  of  the  first  part;  and  Pred  T.  Ley  St  Company,  Inc*  by  its 
;i  Vice  President  of  Springfield,  in  the  state  of  Hassachnaetta,  \ 
/party  of  the  second  part;  -  ~ 

.  t  *v  •  ,  •  »  *  1  ;  ’ 

igreeaent.  A*  Witnesseth,  that  the  said  party  of  the  seaond  part,  in. 


i  consideration  of  the  covenants  and  agreements  herein  mutually 
,i  entered  into,  and  under  the  penalty  express  in  a  bond  bearing  even 
l  «iate  with  these  presents,  and  hereunto  annexed,  does  for  itself, 

?-riA  successors,  covenant,  promise  and  agree  to  and  with  the  party 
of  the  first  part,  that  it  the  said  party  of  the  second  part,  shall 
)  and  will  in  a  good  and  workmanlike  manner,  at  its  own  proper  cost 

;  and  expense,  do  and  perform  all  the  work  and  provide  all  the 

/  materials  called  for,  and  all  tools  and  labor  required,  for  con- 

•!  4  .-*•••  *”  *  .  *  »  *  • 

■:!  struoting  the  entire  work  in  accordance  with  the  specifications 

•  hereinafter  set  forth,  andl  the  plans  furnished  and  to:be  furnished, 
'  '  ij  '  .  .  -  • '  ‘  ' . 

1  jj;..  and  the  directions  to  be  given  from  time  to  time  as  the  work 

-  -  . .  -'4.  •  -  -  «  •  '  : 

i!  progresses,  and  to  the  full  approval  and  acceptance  of  the 

!j  Association  and  its  engineer;  and  does  further  agree  that  the 

!j  •  said  Association  shall  be  and  is  hereby  authorized  to  appoint  suoh 

I;  engineer  and  assistants  and  inspectors  under  him  as  it  may  deem 

*  •  •  ■!  proper,  -to  inspect  the  materials  to  be  furnished  and  work  «o  be 

:j  done  under  this  contract  and  agreement,  and  to  see  that  the  same 

j:  ‘ 

'  •  i[  •  correspond  with  the  specifications* 

il  And  the  said  party  of  the  second  part  hereby  further  agrees 

ji  that  it  will  comenoe  work  within  100  days  of  the  execution  of 
ij  this  contract,  and  will  complete  the  same  in  full  accordance  with 


-2- 

u- 

*  I  the  pl^na  and  specifications  on  or  "before  the  first  day  of 

September  1913* 


3.  So  prevent  disputes  and  litigation  it  is  further  agreed 
that  the  same  engineer  shall  decide  as  ta  the  meaning  and  latent" 
of  these  specifications  and  the  quality  and  quantity  of  the  work 
required  under  them,  necessary  to  the  proper  and  full  coszpletios 
of  the  so rk;  and  his  decision  shall  be  final  and  binding  upon 
both  parties. 

C.  TTherever  the  word  "Association"  i3  used  in  this  agreement 
it  abaJ-i  be  understood  to  refer  to  the  ’Jeare  Improvement  and 
Reservoir  Association. 

"Sharer er  the  word  "Bag ineer"  is  used  herein  it  shall  be 
understood  to  mean  the  engineer  of  the  Association  or  his  properly 
authorized  agents.  Unit  ad  ta  tba  particular  duties  entrusted  to 


fell- 


r 


M  m 


h 


Location 


«  * 


lark  to 
be  done. 


.  i 


them. 

TOaererer  the  word  "Contractor"  is  used  herein  it  shall  be 

understood  to  mean  the  party  of  the  second  part  to  this  agreement, 
legal 

or  its^ representative a. 

D.  Soecif loations. 

7or  Building  Las,  etc. 

1.  The  dam  will  be  built  across  the  Berth  Branch  of  the 
Piscataquog  River  in  Uorth  Wears,  B.  5. 

2.  She  work  to  be  done  consists  in  building  a  dam  of 
cone rate  masonry  with  large  stone  embedded,  with  the  necessary 
wing  wall 3,  abutments,  core  walls,  and  gate  chamber,  all  of 
concrete;  in  making  rolled  embanks. eats  of  selected  material  on 
each  end  of  dam;  in  carrying  all  foundations  to  a  proper  f oozing 
whether  in  earth  or  rook,  and  in  doing  all  other  work  contemplate 


by  the  plans  and  specifications 


I  t^iantitiaa.  3,  following  are  the  approximate  quantities  of  *»ori:  to  "be 
done . 

35C  -  cubic  yards  earth  exoaration. 

0  250  -  cubic  yards  rock  enaaTaticn. 

2000  -  cubic  yards  concrete  masonry, 

18  -  cubic  yards  reinforced  concrete 
masonry  in  gate  chamber. 

“  16  -  lineal  feet  of  $6*  oast  iron  pipe. 

1  -  36*  Gate 

_  1  -  36*  Gate 

3100  -  cubic  yards  earth  embankment. 

400  -  square  yards  rubble  on  up-etreatt 
slopes  of  ■in'a.anJcrent . 


t 


foundations  4,  foundations  in  earth  are  to  be  carried  to  such  a  depth 
in  earth. 

as  the  engineer  may  direct  and  are  to  be  of  3uita'ols  width  to 


receive  the  forms  of  the  concrete. 

-  All  trenches  and  pits  remaining  after  masonry  is  con¬ 
structed  are  to  be  filled  srith  Trail  puddled  and  rammed  matarial 
selected  for  the  purpose. 


foundations  5«  All  foundations  of  sails  or  ledge  are  to  be  carefully 
in  rock. 

cleaned,  sashed  and  swept  of  all  dirt  and  rubbish;  a.  11  loose 

portions  of  ledge  are  to  be  remorad  and  all  seams  filled  with 
mortar,  grarel  or  concrete  .as  may  be  indicated  by  the  engineer. 

If  in  his  judffaent  the  ledge  foundations  should  be  of  too 
great  a  slope,  it  sill  be  enca?ated  in  steps  or  benches  of 
approximately  lerei  section  to  receire  cha  masonry. 

The  trenches  for  cut-off  sail  under  dam  and  core  sails 


are  to  be  blastod  si th  light  charges  to  atroid  shattering  the 
sound  ledge  on  each  side  of  the  trsnch,  or  opening  seams. 


V 


Shoring, 
bailing, 
ate . 


K 


'ia.  nage- 
.  nent  of 
.  Tatar . 


6.  All  expense  of  shoring,  sheeting,  coffer-dams,  tracing, 
punping  and  'balling  foundations  pits  in  rock  or  earth  shall  be 
included  137  the  Contractor  in  his  unit  prise  for  such  naterial. 

7.  Suring  the  entire  tine  of  executing  the  work  the.Ccntracto; 
shall  at  his  own  expense  proride  for  the  proper  protection  of  the 
same  against  rater,  whether  from  the  strean  or  from  surface  wash* 

All  deviating  of  such  water  and  the  providing  of  suitable 
channels  for  carrying  it  away,  together  with  all  necessary  flsae 
dams  and  coffer  dans,  and  all  necessary  punping  and  bailing,  shall 
be  done  by  the  Contractor  at  his  own  expense. 


Sxoavations 
to  line 

1  and  grade. and  grades  given  by  the  engineer. 


Surpl’.-1 3 
"Sarth. 


»  - 


light¬ 

ing. 


8.  Sxoavations  in  rook  and  earth  will  be  nada  to  the  lines 

The  prioe  for  excavations 

3 hall  include  the  cost  of  refilling  trenches  and  pita,  disposing 
of  the  surplus  material,  punping  and  bailing,  sheeting  and  shoring 

9.  3To  surplus  earth  resulting  froa  construction  pits  and 
trenches  will  be  paid  for  as  both  excavation  end  fill,  unless  a 
haul  of  aore  than  five  hundred  (pQO)  feet  i3  required  to  dispose 
of  it. 

10.  Ueasures  shall  always  be  taken  by  the  contractor  to  ensure 
the  safety  of  the  public  I37  suoh  lighting,  fencing,  or  other 
means  aa  nay  be  necessary. 


; 


Heasurs-  11.  hea3urenant  of  concrete  nasonry  will  be  allowed  of  the 
nents  of 

concrete,  actual  section  of  the  work  as  built.  » 

2Ieasureaent3  of  earth  excavation  for  walls  and  other 

Heasure- 

uent 3  in  structures  will  be  allowed  to  a  width  one  foot  greater  on  each 
earth. 

aide  than  the  width  required  at  the  depth  at  that  point  and  with  > 
vertical  aides. 


••  V-/* 


tone  in' 
oncreta. 


!•  \ 
O 


Sand. 


Crushed 
3"  one 
or  sraval 
-atone. 


36*  ’ 

pipe. 


36s  ' 

Gate. 


thnmnghiy  cleaning  the  3  an:  a,  noi  a  tailing  end  adding  a  layer 
of  mortar  before  the  new  concrete  is  deposited.  All  concrete 
qHaii  *oe  mined  fresh  for  each  piece  of  work  for  which,  it  is  to 
he  used  and  shall  not  he  U3ed  if  it  has  been  allowed  to  stand 
long  enough  to  take  an  initial  3et. 

16.  Xn  the  Sam  and  abutments  and  all  descry  walls,  large  stones 
are  to  be  embedded  in  the  concrete.  They  shall  be  placed  in  a 
full  bed  of  concrete  and  3 hall  be  completely  surrounded  by 
concreta.  They  shall  be  laid  far  enough  apart  to  allow  the 
concrete  to  be  placed  around  them  thoroughly  and  shall  not  come 
within  a  foot  of  the  outaide  surfaces  of  the  structure.  All 
atone  U3ed  must  be  thoroughly  cleaned  and  all  irregular  pro* 

J  actions,  loose  portions  and  feather  edges  are  to  be  rennrred  by 
the  hammer  before  the  stone  is  3at,  but  ne  dressing  of  such  stone 
7/ill  be  allowed  on  the  wall  nr  breaking  of  projections  of  stone 
■already  laid. 

«aa  3and  to  be  used  in  the  concrete  must  be  clean  and 
sharp  and  is  to  be  approved  by  the  engineer. 

13.  Stana  U3ad  in  concrete  i3  to  ba  clean  or naked  or  gravel 
3  tone  of  a  size  between  one -half  inch  and  two  and  one-half 
inches. 

19*  The  3°*  cast  iron  pipe  ie  to  be  laid  in  a  full  bed  of 
concrete.  It  is  to  be  laid  to  line  and  grade  and  the  joints 
well  made. 


20.  A  36*  Gate  Talve  will  be  set  in  upper  end  of  3 3  inch 
pipe,  it  is  to  be  carefully  plumbed  and  ia  to  be  furnished  with 
a  gate  rod  surmount  ad  by  a  wheel  30  as  to  be  operated  at  the 
top  of  the  abutment. 


-y” 


•  pleasure—  haasurensnb  of  rock  excavation  Till  be  allayed  of  tie 

sent  of 

excava-  actual  cross  eeatioa  as  removed  '07  ths  order  of  tie  engineer, 
tioaa  la 
rock. 

iaasurement  of  filling  from  borrow  pit3  Till  be  allowed 

p  S)  lieaaure— 

rent  of  ’  of  tie  actual  section  of  sued  maiarial  as  deposited  la  place, 
filling . 

Lie  a  sure-  Ileasursnent  of  pipe  will  be  allowed  of  tie  actual  lsngth 

ment  of 

pipe*.  laid  not  including  sate. 


Sab an  Id 
seat. 


s  I 


11.  Tie  qgbanlcaent  on  ends  of  das  Till  be  built  up  of 
material  satisfactory  to  tie  engineer  in  isrinontal  layers  not 
exceeding  eight  inodes  in  thickness,  to  be  Tell  moistened  and 
railed  and  all  large  atone  removed.  Tie  down  stream  slopes 
are  to  receive  tie  iofa  obtained  b7  stripping  tie  site  of  tie 
das  as  a  final  coating  at  tie  expense  of  tie  contractor.  Tie 
up-stream  face  of  enbanlcaent  is  to  be  rabbled  with  stone  careful! 
placed  ui  pries  per  c^uar e  yr-rd  ts  be  insluiad  by  tie  can- 
tractor  in  his  bid. 


Concrete.  13*  Concrete  in  Cam,  abutments  and  core  wall  is  to  be  compos' 
of  1  :  3  ;  5  mixture  and  in  Gate  Chamber  of  1  :  2  :  4  mixture. 


Css  eni 


V, 


Concrete 
laid. 


14.  Portland  cement  of  an-  acceptable  brand  i3  to  be  U3«d  is 
tie  work  and  is  to  be  capable  of  standing  tie  standard  tests  of 
tie  .American  Society  of  Civil  Zhgineers  as  amended  la  1509..  It 
is  to  be  stored  in  wea  tier-pro  of  sheds  and  raised  above  tie  grou 
and  kept  dry.  2To  cement  found  to  be  coarse,  caked  or  in  any  way 
unsuitable  shall  be  used  in  this  work. 

15*  All  concrete  i3  to  be  the roughly  mined  and  is  to  be 
deposited  in  Icysrs  of  not  mere  than  sin  inches  in  thickness 

h  ^ 

and  well  rammed.',  All  surfaces  of  3et  concrete  or  ledge  to  * 
which  fresh  concrete  is  to  be  added,  rust  be  prepared  by 


Cba per  ^cftool  of  Cibtl  Engineering. 
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Hon.  T.  3.  D.  Sort  ben. 
Public  Service  Commission 
Concord,  N.  H. 


>  • 


Dear  Sir: 

According  to  your  reouest  I  hereby  submit  my  reoort  and  findings 
in  relation  to  the  orooosed  daa  at  North  ffeare,  N.  H. ,  insoected  on  the 
29th  inst.,  in  coaoeny  with  yourself  and  *lr.  John  S.  Stores,  Civil  Sngineer.  j" 

The  olans  and  suscifications  on  the  whole  aooear  to  be  well-drawn 
and  design  well  made  and  adaoted  to  the  situation.  A  few  sugaestiona  may  be 

made,  however,  which  need  not  imolv  any  unfavorable  criticism  of  the  skill 

and  comoetence  of  the  designing  engineer:  but  which  involve  some  larger 
ascects  of  the  case  which  those  who  are  more  intent  uoen  the  immediate  con-  ; 
struct ive  details  cf  the  nroblem  are  ant  to  overlook. 

The  first  suggestion  concerns 

TH5  SPILim.  ' 

This  has  an  effective  length  of  53  feet,  nearly  with  a  oossibls  l 
overflow  under  3  feet  head  to  the  very  surface  of  tbs  earth  embankment.  But  . 
it  would  not  be  safe  to  allow  sore  than  4  1/2  feet  head  which  would  be  6 

inches  above  the  too  of  core  wall. 

Using  Coffin's  diagram  for  wide  crested  wiers,  extending  the 

curve  for  10  inch  vide  crest  and  assuming  the  trend  of  the  curve  to  show  * 

1331  cf  overflow  above  that  from  standard  Francis  weir  with  4  1/2 ♦  feet 

head,  I  find  that  this  daa  might  oossiblv  discharge  about  2400  second  feet  ’ 

with  water  standing  4/1/2  feet  above  the  crest.  -  How  the  mao  of  this  regie' 
in  the  New  Hamoshire  .Atlas  ("ailing  and  Hitchcock)  indicates  about  30  sauan 
miles  of  drainage  area  above  the  daa,  -  and  dividing  the  above  result  by  JC . 
we  have  about  80  second  feet  discharge  oer  souare  mile.  Heferenee  to  data 
given  in  Turneaure  and  Bussell's  "Public  Eater  Suooli«s",  *  shows  that  tfci:- 
is  a  oossibls  discharge  from  such  a  water  shed  and  may  be  exoected. ^ . 

» 

The  results  of  commutation  fro®  measurements  of  three  dams  down-  , 
stream  from  this  site  give  only  an  aooroximat?  idee  cf  former  floods  along 
this  stream.  The  dams  are  so  various  in  form,  and  our  knowledge  of  orooer 


John  "ilsy  i  Sons,  New  York 


1908,  o.  70 


co-efficients  for  such  forms  is  so  iaoerfeet  (as  most  of  the  data  in  books 
relates  only  to  beads  of  less  than  2r3  feet  over  the  crest),  that  our 
figuring  coon  them  has  a  large  element  of  guesswork. 

For  the  first  dam  a  very  definite  height  of  4  feet  (by  mark) 
of  flood  above  the  crest,  ten  years  ago,  ass  given  by  the  factory  oeoole. 

Cur  most  orobable  formula  for  this  sfasos  of  dam  gives  a  oossibla  discharge 
of  2300  second  feet  *  or  76  second  feet  oer  square  mile.  The  opening  under 
the  bridge  below  is  30'  by  an  average  of  7  feet  below  the  logs,  giving  210 
square  feet.  At  0*  oer  second  average  velocity  (easily  oossible  on  this 
steeo  slooe)  the  discharge  would  be  IdfiO  second  feet,  which  would  nrobably 
take  off  the  bridge.  /63° 

At  the  second  dam  the  data  obtainable  was  scant  and  uncertain, 
not  enough  even  for  a  good  guess.  At  the  third  there  was  definite  nark  of 
a  flood  height  of  37"  over  a  dam  84  feet  long;  but  the  tyne  of  dam  was  sot 
fully  observed.  A  reasonable  assumption  of  coefficient  gives  less  than  2CC0 
second  feet  discharge.  - 

So  far,  therefore,  the  soillway  seems  to  be  adeauats;  esnecially 
when  v*e  consider  the  storage  canacity  and  equalizing  effect  of  325  acres 
covered  with  $our  feet  deoth  of  water.  Moreover  there  are  at  least  two  mere 
conds  within  the  drainage  area,  -  Gregg's  and  Dudley’s  -  which  the  writer 
has  not  seen.  Also  another  dam  was  incidentally  mentioned,  and* this  should 
Jb el investigated  to  learn  whether  it  is  in  such  condition  as  to  be  liable 
to  fail  and  let  enough  water  loose  to  threaten  the  safety  of  the  dam  being 
built.  If  the  mao  consulted  is  fairly  accurate  the  area  of  these  ponds,  with 
the  one  to  be  created,  may  be  600  acres  or  more,  -  say  one  twenty  fifth 
of  the  drainage  area.  Hence  every  inch  of  aptpal  run-off  would  raise  these 
oonds  25  inches  deen,  if  none  flowed  away;  but, allowing  one  third  out-go 
while  the  level  is  rising,  -  the  one  ineh  run-off  wonld  raise  these  levels 
16"  which  would  be  so  much  hsli  ia  sissil  iLZ  ££2  3S2lS»  -  say  1050  acre  feet 
of  water.  It  would  annear  therefore  that  the  nrooosed  soillway  is  amole  for 
3  inches  to  4  inches  of  actual  run-off,  if  it  does  not  come  too  fast. 

Nevertheless  we  have  to  consider  ths  nossibility  of  a  cloud-burst 
or  of  a  warm  February  rain  when  the  ground  is  frozen  and  covered  with  several 
inches  of  snow.  At  the  Sweetwater  dam  in  California,  where  a  3oillway  was 
orovided  more  than  sufficient  for  the  grestest  floods  then  known,  these 
came  in  January  1855  a  series  of  downoours  which  caused  a  rus-sil  £23 
greater  than  was  believed  to  be  oossible,  which  ovsrtoooed  ths  dam  two  feet 
dean  over  its  entire  length.  At  the  Ksnover  reservoir  the  writer  has  seen  a 


*  Treatise  before  named,  page  235,  esse  33. 
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( 

in¬ 
flow  over  the  snillway  of  more  than  100  second  feet  oar  square  mils,  where 
the  reservoir  covers  one  thirtyfifth  of  the  drainage  area  of  two  sauare 
alias.  At  Hhiooany,  N.  J.  a  discharge  of  228  second  feat  oar  sauare  oils 
is  recorded  from  an  area  of  35  sauare  mile3,  which  is  only  a  little  more 
than  the  area  tributary  to  the  nrooosed  dam.  The  recent  excessive  ruins  in 
Ohio  and  two  other  states,  where  in  some  districts  more  than  10  inches 
fell  in  three  days,  is  a  case  in  noint.  Abundant  records  show  that  any  snot 
in  Hew  England  is  likely  to  be  the  center  of  excessive  raiTfall.  In  the 
great  storm  of  October  1869,  12  inches  of  rain  fell  in  three  day3  over  a 
region  in  Connecticut,  and  six  inches  in  Hanover,  during  the  same  time.  In 
such  cases,  after  the  first  few  hours  reauirsd  to  sa3k  tb9  ground,  the  re¬ 
mainder  of  the  rainfall  is  OSSrii-Sll  guq-qff.  -  Again  if  a  dam  anove  should 
fail  during  a  tim9  of  high  water  a  flood  uoon  a  flood  would  assail  th9  work. 

Enough  has  been,  cited  on  this  noint  to  justify  the  Fjrsfr 

TsssuDsadalisa:  iial  Its  ssrs  ssll  sai  sts&osa&s  ts  tain  IS  iashaa  Sisisr. 

This  involves  but  littie  extra  cost  and  no  change  in  snecif ications.  This 
extra  height  may  not  be  needed  once  in  25  years;  but  when  the  crisis  comes 
the  need  is  desoarate. 

THE  CONCRETE  DAM 

A  suggestion  is  mads  here  to  cover  a  noint  usually  overlooked 
in  designing  such  structures.  In  the  accompanying  sketch  all  figures  are 
only  annroxisate,  and  resultant  stresses  derived  simnly  by  graphical  method. 
Stresses  are  for  one  lineal  foot  only  of  the  dam.. The  resultant  nressure 
for  fall  2223.  as  shown,  strikes  the  base  near  the  center.  Sut  the  a33i£i222 
pressure  for  the  QyqptQnned  3aa  "ill  be  uniformly  distributed  over  the  en¬ 
tire  water  face  and  hence  its  center  of  nressure  will  be  at  aid  height  (not 
at  one  third  height  as  for  pond  just  full).  Assuming  a  possible  flood  over¬ 
flow  of  six  feet  deoth  above  the  crest,  and  adding  four  feet  to  that  for 
^vacuum  effect,  this  additional  nressure  acting  at  aid  height  is  (8*62.5*) 
500  pounds  ner  sauare  foot  uniformly  distributed  through  the  entire  deoth, 
or  15000  pounds  total.  As  to  this  vacuum  effect  I  quote  from  Professor 
G.  S.  Hill isms'  discussion  of  the  well  known  large  seals  experiments  at 
Cornell  Onaversity,  -  Transactions  of  American  Society  of  Civil  Engineers, 
Vol.  XLI7,  page  254:  - 

"One  of  the  most  important  facte  brought  out  in  the  mast  year’s 
investigations  in  the  Cornell  Hydraulic  Laboratory  has  been  the  formation 
of  a  vacuum  more  or  less  perfect  behind  the  falling  sheet  when  air  is  not 
freely  admitted,  flith  a  weir  6  feet  high,  the  United  States  Deep  Waterways 
Section,  a  head  of  1.5  ft.  has  been  observed  to  raise  water  behind  the  sheet 
to  a  height  of  2  ft.  above  the  level  of  the  lower  nool,  and  with  a  weir  8  ft 
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high  and  a  2  ft.  head;ths  water  behind  th9  sheet  has  stood  5  ft.  above  the 
level  of  the  lower  oool.  The  bottom  boards  of  the  clank  acrons  have  been 
torn  off  frequently,  aocarently  by  th9  suction  of  the  falling  sheet  at  the 
toe  of  the  dam.  ....  the  cylling  off  of  the  granite  facing  on  the  down¬ 
stream  side  of  the  Austin  Dam,  while  that  at  th9  crest  remained  nractically 
intact,  and  other  instances  of  similar  ohenomena  that  have  been  resorted, 
seem  to  indicate  that  there  may  have  been  a  very  decided  suction  there  on  ths 
occasion  of  its  failure.  This  teaches  that  in  the  design  of  snillways,  the 
practice  of  conforming  them  to  the  curve  of  ths  sheet,  in  order  to  obtain 
a  smooth  snd  comoact  overfall,  should  be  reversed,  and  every  crecaution 
taken  to  nrevent  the  sheet  reaching  the  foot  of  the  dam  in  a  comaact  mass. n 

Now  the  procosed  dam  will  fcafs  an  overflow  closely  confined 
between  the  abutment  walls  with  no  chance  for  air  to  get  beneath  the  stream. 

A  vacuum  effect  or  suction  causing  unbalanced  atmoscheric  oressure,  and 
adding  an  uncertain  oressure  at  too  of  the  dam  is  inevitable.  In  view  of  the 
facts  given  by  Mr.  Williams  an  assumotion  of  four  feet  for  this  extra  head 
is  certainly  conservative.  As  shown  on  the  drawing  the  added  effect  from 
the  overflow  (15CC0  assumed,  but  17500  really  with  flashboards  gone)  causes 
the  resultant  oressure  to  strike  the  base  so  far  in  the  outer  third  that 
I  recommend  22  2  2i223iC£  2l  ££s  $.22  2 1  iis  2a 3  2l  2*  lsizl  12122  ex¬ 

tending  to  a  ooint  eight  feet  uo  on  the  face.  The  additional  concrete  need- 
-edfor  this  would  not  exceed  70  cubic  yards  orobably. 

3d,  Another  suggestion  is  that  a  back  fill  of  sand  and  clay  be 
ma^e  against  the  heel  of  the  dam  as  shown  in  the  sketch.  Probably  the 
engineer  intends  to  do  this  anyway,  as  it  is  common  oractise  for  obvious 
reasons.  The  silt  which  the  stream  will  bring  down  in  time  will  not  be  uni¬ 
formly  si  seed. 

4tb,  The  question  of  temperature  and  shrinkage  stresses  in  so 
long  a  mass  of  concrete  srobably  has  been  considered  by  the  engineer.  The 
drawings  indicate  no  orovisions  for  exuansion  and  contraction.  Cuinions 
differ  as  to  how  far  it  is  desirable  in  such  a  dam  to  use  reinforcement  to 
resist  these  forces.  This  is  not  intended  as  a  criticism,  and  ths  writer  is 
not  srenared  to  stats  without  more  investigation  what  clan  he  would  adoDt. 

The  matter  of  exuansion  iQiat®,  -however,  it  might  be  well  to  consider  care¬ 
fully,  The  extremes  of  temceraturs  in  our  climate  usually  cause  cracks  in 
dams 

aasonryASO  large;  escecislly  when  so  much  is  exnosed  on  both  sides  ss  in 
this  C33S  when  the  oond  is  low.  The  Wachusett  dam  of  ths  Metrocolitan  Water 
Works,  Clinton,  Mass.,  of  concrete  cyclocesn  masonry,  laid  with  ths  utmost 
care  and  excense,  hss  shown  cracks. 

5th,  Referring  to  ths  scecif icstions,  csge  3,  article  4,  I  venture 
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high  and  a  2  ft.  h9ad,ths  water  behind  the  sheet  has  stood  5  ft.  above  the 
level  of  the  lover  oool.  The  bottom  boards  of  the  Blank  aorons  have  been 
torn  off  frequently,  aooarsntly  by  the  suction  of  the  falling  sheet  at  the 
toe  of  the  dam.  ....  the  avlling  off  of  the  granite  facing  on  the  down¬ 
stream  side  of  the  Austin  Dam,  while  that  at  the  crest  remained  oractically 
intact,  and  other  instances  of  similar  ohenomena  that  have  been  resorted, 
seem  to  indicate  that  there  may  have  been  a  very  decided  suction  there  on  the 
occasion  of  its  failure.  This  teaches  that  in  the  design  of  soillways,  the 
practice  of  conforming  them  to  the  curve  of  the  sheet,  in  order  to  obtain 
a  smooth  and  comoact  overfall,  should  be  reversed,  and  every  nrecaution 
taken  to  nrevent  the  sheet  reaching  the  foot  of  the  daa  in  a  comaact  mass. 9 

Now  the  prooosed  dam  will  hafe  an  overflow  closely  confined 
between  the  abutment  walls  with  no  chance  for  air  to  get  beneath  the  stream. 

A  vacuum  effect  or  suction  causing  unbalancsd  ataosnhsric  nrsssurs,  and 
adding  an  uncertain  oressure  at  ton  of  the  daa  is  inevitable.  In  view  of  the 
facts  given  by  Wr.  Williams  an  assumotion  of  four  feet  for  this  extra  head 
is  certainly  conservative.  As  shown  on  the  drawing  the  added  effect  from 
the  overflow  (15CC0  assumed,  but  17500  really  with  flashboards  gone)  causes 
the  resultant  nrsssurs  to  strike  the  base  so  far  in  the  outer  third  that 
'  I  recommend  22  a  ziizzizl  2l  12 2  122  flf  12s  233  at  3l  lS33l  fss*. ex¬ 

tending  to  a  ooint  eight  feet  uo  on  the  face.  The  additional  concrete  need- 
edfor  this  would  not  exceed  70  cubic  yards  nrobably. 

3d,  Another  suggestion  is  that  a  back  fill  of  sand  and  clay  be 
Cma$e  against  the  heel  of  the  daa  as  shown  in  the  sketch.  Probably  the 
engineer  intends  to  do  this  anyway,  as  it  is  common  oractise  for  obvious 
reasons.  The  silt  which  the  stream  will  bring  down  in  time  will  not  be  uni¬ 
formly  alaced.  - 

.  4tb,  The  question  of  temperature  and  shrinkage  stresses  in  so 
long  a  mass  of  concrete  nrobably  has  been  considered  by  the  engineer.  The 
drawings  indicate  no  nrovisions  for  exnansion  and  contraction.  Opinions 
differ  as  to  how  far  it  is  desirable  in  such  a  dam  to  use  reinforcement  to 
resist  these  forces.  This  is  not  intended  as  a  criticism,  3nd  the  writer  is 
not  srenarsd  to  state  without  more  investigation  what  olan  he  would  adoot. 

The  matter  of  2i22H5i22  i2i3l2» -however,  it  might  be  well  to  consider  care¬ 
fully.  The  extremes  of  temneraturs  in  our  climate  usually  cause  cracks  in 
dams 

aasonryASC  large;  esnecislly  when  so  much  is  exoosed  on  both  sides  as  in 
this  case  when  the  oond  is  low.  The  Wachusett  dan  of  the  yetrooolitan  Water 
Works,  Clinton,  Mass.,  of  concrete  cyclonean  masonry,  laid  with  the  utmost 
care  and  exnense,  has  shown  cracks. 

5th,  Referring  to  the  soecif ications,  sage  3,  article  4,  I  venture 
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to  suggest  that  this  stimulation  is  liable  to  be  slighted,  unless  great  care 
and  attention  are  constantly  given  to  it  by  the  inspector.  The  contractor 
is  handling  the  earth  by  derrick  and  bucket  and  his  foreman  will  be  tempted 
to  deoosit  earth  too  fast.  It  is  required  that  "All  trenches  and  nits  re- 
aaining  after  masonry  is  constructed  are  to  be  filled  with  well  ouddled 
and  rammed  material  a?l?cted  for  the  nurnose".  -  The  kind  of  material  and 
its  placing  should  receive  the  same  scrupulous  care  as  the  building  of  the 
earth  embankment.  Foremen  are  ant  to  think  that,  having  the  core  wall, 
the  earth  behind  and  in  front  can  be  nut  in  almost  "any  old  way?.  But  it 
must-  needs  be  d-sosited  and  I3J i n  1  avers  net  g^qeedjng  2  inches  ;n  thick¬ 
ness.  so  that  the  water  cannot  anywhere  act  against  the  wall  under  full 
nressure. 

6th,  In  article  12,  nage  5,  of  snecifications,  I  would  change 
eight  inches  to  six  inches,  so  that  the  snreading  of  the  bucket-loads  may  • 
be  more  carefully  done.  Also  require  removal  of  all  stones  exceeding  four 
inches  in  diameter. 

7th,  In  article  16,  nage  6,  I  would  sneoify  that  the  stones 
>  embedded  in  the  mass  of  concrete  shall  be  serrated  by  at  least  four  inches 
of  concrete  and  have  this  very  carefully  watches/  so  that  there  say  be  no 
voids  in.  the  concrete  structure.  ' 

Trusting  that  these  suggestions  will  sot  be  viewed  as  adverse 
criticism  on  hhat  is  in  general  an  excellent  design,  I  3a 

Very  resnectfully. 
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INSPECTION  PHOTOGRAPHS 


Photo  No . 


Description 


2  photo  clockwise  sequence  looking  from 
road  upstream  of  north  end  at  the  up¬ 
stream  face  of  the  dam.  Note  log  debris 
in  water  and  eroded  path  and  embankment 
face  next  to  abutment. 

Looking  south  across  crest  from  top  of 
north  embankment.  Note  spalling  on  face 
of  middle  wall. 


Close-up  of  eroded  path  on  upstream  face 
of  north  embankment  next  to  concrete 
abutment.  Taken  from  gate  house  platform 
looking  down. 

2  photo  clockwise  sequence  looking  from 
downstream  channel  at  downstream  face  of 
dam.  Note  rocks  and  debris  in  channel, 
undermined  end  of  training  wall  and  trees 
growing  in  channel. 

Looking  north  across  crest  from  top  of 
stoplog  spillway.  Note  log  debris  on 
north  end  of  spillway,  spalled  face  of 
middle  wall  and  slight  bow  to  catwalk. 

Looking  at  downstream  south  bank.  Note 
soil  being  undermined  adjacent  to  cabin, 
exposed  ledge  and  trees  leaning  toward 
downs lope . 
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